ABSTRACT: Introduction: In Duchenne muscular dystrophy (DMD) muscle is replaced by adipose tissue. The role of dietary intake (DI) in DMD has not been evaluated. In this study we examined body composition, body mass index (BMI), and adequacy of DI in patients with DMD and evaluated the influence of DI on body composition. Methods: Patients (n = 101; age 3-18 years; BMI 11.8-29.5 kg/m 2 ) completed a dietary recall to determine DI and then underwent dual-energy X-ray absorptiometry to determine body composition. Results: Preschool-age and schoolage boys with DMD had high total energy intake. Protein intake per kilogram exceeded recommendations. As age increased, the percentage of boys with abnormal BMI and fat mass increased, while lean mass decreased. Dietary intake did not predict body fat or lean mass. Discussion: Age-dependent changes in BD in boys with DMD may be due to endogenous metabolic factors related to the underlying disease process and to disease-related mobility impairments.
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Duchenne muscular dystrophy (DMD) is the most prevalent dystrophy, occurring in 15.9-19.5 cases per 100,000 live male births. 1 Mutations in the dystrophin gene affect smooth and striated muscles of the digestive tract, impairing its function. 2 A range of nutritional states, varying from overnutrition to undernutrition (malnutrition), 3 occur with disease progression. 4 Although patients with DMD are at high risk of being overweight or obese in early life, an undernutrition risk arises as they become adults. 5, 6 The international approach to assess nutritional status is to take body or anthropometric measurements related to an individual's age to construct indices, which enable comparison of a child with a reference such as the body mass index (BMI). 7 The prevalence of obesity based on weight in the >90th percentile by 13 years of age has been reported to range from 44% to 73% in boys with DMD, whereas, at 17-18 years of age, undernutrition (weight < 10th percentile) was found to affect from 47% to 65% of boys with DMD in steroid-naive cohorts. 5, 8, 9 In patients receiving steroids, obesity can reach 50% based on BMI, 10 and 70% using percentage of fat mass. 11 In patients with DMD this is most likely because the myofibers are susceptible to necrosis and they become replaced by fibrous and adipose tissue. 1, 12 Thus, DMD is associated with an increase in body fat mass with aging. 5, 6 Furthermore, muscle degeneration results in reduced lean mass and probably decreased resting energy expenditure as a result. The lower energy requirement is also associated with decreased physical activity due to loss of ambulation. 1 In addition, excess caloric intake may be related to caregiver compassion and the increase in appetite caused by corticosteroids, considered a key contributor to obesity and its complications such as dyslipidemia, insulin resistance, and hypertension. 4, 6, 13 Conversely, being underweight has been attributed to the cumulative effects of feeding difficulties, as well as to the agerelated increase of resting energy expenditure associated with cardiorespiratory complications. 5, 8 Nutrient imbalance, and consequently energy imbalance, can be contributing factors to adverse changes in body composition and in nutritional status assessed as BMI. 1 However, the influence of dietary intake has not been evaluated in boys with DMD nor compared with Dietary Reference Intakes (DRI) values, which help individuals to avoid underor overconsumption of a nutrient and prevent malnutrition, especially as it relates to age.
2,14 Therefore, with DRIs at different ages; to examine BMI and body composition according to age; and to evaluate the role of dietary intake as a predictor of body composition in patients with DMD.
METHODS
Study Population. A cross-sectional study was carried out between January 2011 and July 2016. All patients with DMD were recruited from the National Rehabilitation Institute, the Paediatrics Hospital of the "Siglo XXI" National Medical Centre, "Dr. Gaudencio González Garza" General Hospital, and "La Raza" National Medical Centre of the Instituto Mexicano del Seguro Social (IMSS) in Mexico City. One hundred one male patients (age 3-18 years), with a confirmatory molecular diagnosis of dystrophy, were eligible for inclusion in the study if they had a deletion in the DMD gene based on multiplex polymerase chain reaction. All patients had a clinical diagnosis of DMD and were not taking steroids or other medications, as described in an earlier report on these same patients. 13 This study was approved by the institutional ethics committee of the IMSS. Parents of the participants and patients signed a written consent (or assent) form before the boys' inclusion in the study.
Procedures. On the day of the study visit, a medical history was obtained and anthropometric measurements and body composition were determined as described in what follows. Finally, a 3-day, 24-hour dietary recall was obtained by an interviewer. At the end of the day of the study visit, all patients received individual dietary counseling.
To identify disorders in nutritional status based on BMI at different ages, subjects were divided into 3 groups: preschool age (2 to < 6 years, n = 20); school age (6 to < 12 years, n = 64); and adolescents (12 to ≤ 18 years, n = 17).
Dietary Intake Analysis. A multiple-pass, 24-hour recall method was obtained by a nutritionist, including 2 nonconsecutive mid-weekdays, and 1 weekend day to estimate energy and nutrient intakes per day on the first study visit. Patients and parents were asked to recall everything the child ate according to the reported method, including, in the second pass, the type of food and amount eaten, as well as any type of additional food that accompanied it, brands, and method of preparation and/or cooking. Food models were employed to estimate the amount of meat and beverages consumed. 15, 16 The current DRIs for energy for healthy preschool-and school-age children and adolescents with a sedentary physicalactivity level are 1,142-1,308 kcal/day, 1,308-1,666 kcal/day, and 1,773-2,358 kcal/day, respectively.
14 For protein intake, the recommendation is 0.76 g/kg/day for preschool-age and school-age children and 0.73 g/kg/day for adolescents. 14 Average caloric intake, macronutrient intake, and percentage of the adequacy of intake were computed using Food Processor software (version 10.11.0; ESHA, Salem, Oregon) and compared with the DRI. Dietary intake was analyzed at different ages stratified into 3 groups: preschool age (n = 20); school age (n = 64); and adolescents (n = 17). Dietary intake was also examined stratifying by ambulatory and non-ambulatory ability and by categories of Vignos scales, as detailed later, as well as the association with physical rehabilitation.
Nutritional Status Based on BMI. Anthropometric measurements were performed by trained personnel using standardized procedures. Ambulatory patients were weighed using a digital scale (Model BWB-700; Tanita, Tokyo, Japan). Height was measured with a wall-mounted stadiometer (Model 208; Seca, Chino, California). Non-ambulatory patients were weighed on a chair scale (Model 954; Seca). To measure length in these patients, the summation-of-body-parts method was utilized with a Seca tape measure. 17 Nutritional status based on BMI has emerged as the most practical, universally applicable, inexpensive, and non-invasive anthropometric indicator for classifying patients as being thin, overweight, or obese. 18 In this study, BMI was determined as a z-score, employing Epi Info version 3.5.3 software (Centers for Disease Control and Prevention, Atlanta, Georgia), according to the following cut-offs: ≤ 2 SD (thin); -1.99 to ≤ 0.99 SD (normal); ≥ 1 SD (overweight); ≥ 2 SD (obese) for children aged 6-19 years; and ≥2 SD (overweight), ≥ 3 SD (obese) for children aged 3-5 years. 19, 20 The identification of disorders in nutritional status based on BMI was performed using the same age groups and by 3 Vignos scales as detailed in what follows.
Body Composition: Fat and Lean Mass Measurement.
Body fat and lean mass compartments were determined by dual-energy X-ray absorptiometry (DEXA; Lunar Prodigy; GE Medical Systems, Madison, Wisconsin) and Encore version 2004 software (Lunar Corp., Madison, Wisconsin). These compartments were expressed as both kilograms and in percentage of body weight. The percentage of body fat was also categorized as normal, overweight, or obese for children and adolescents, as described by Taylor et al. 21 The sum of thinness, overweight, and obesity based on BMI was considered as malnutrition. Rehabilitation. There are scales to evaluate muscle function in DMD patients; these are considered as a measurement of the degree of functional dependence of the patient. One of the most commonly utilized is the Vignos scale, which measures lower limb function. It is painless, quick to conduct, and affordable. Scores range from 1 to 10, and a higher score indicates poorer muscle function. 22 This scale was grouped into 3 categories: A (scores of 1-5); B (6-8); and C (9-10). 23 Non-ambulatory and ambulatory ability was also recorded. Physical rehabilitation was evaluated as frequency of sessions of therapy (days per week), considering that each session had a median duration of between 25 and 30 minutes of stretching of upper and lower limbs.
Statistical Analyses. Statistical analysis was performed using SPSS version 20.0 (IBM SPSS, Inc., Armonk, New York). P ≤ 0.05 was considered significant. Results are presented as median (minimum, maximum) because the data did not fit a normal distribution, as determined by Shapiro-Wilk test. To identify differences in variables among age groups the Kruskal-Wallis test was used. When the Kruskal-Wallis test findings were significant, the MannWhitney U-test was utilized for groupwise comparisons. Pearson's chi-square test was used to identify differences in categorical variables. Association between dietary intake and physical rehabilitation was analyzed using Spearman correlations. To evaluate the effect of non-ambulatory ability or muscle function on dietary intake, but considering the age group effect, and its interaction, two-way analysis of variance with Bonferroni's pairwise correction was applied. Multivariate linear regression analysis was applied to determine whether dietary intake was related to body fat and lean mass, after adjusting for confounding covariates, such as the degree of functional dependence of the patient, age, nonambulatory ability, and physical rehabilitation.
RESULTS
A total of 101 male patients with confirmed DMD were included in this study. The characteristics of the boys stratified according to age are shown in Table 1 .
Dietary Intake. Median energy intake (in kilocalories per day) was high relative to the DRI for preschooland school-age boys, although there was no significant difference in energy intake among the age groups ( Table 2 ). The percentage of energy from proteins and carbohydrates as well as fiber intake was adequate and not statistically different among age groups (Table 2 ). However, protein intake (in grams per kilogram per day) was higher than the DRI in all age groups and was also different among them (P < 0.001), decreasing with age (Table 2) . Although the median energy intake from fat was according to the DRI in all age groups, it was lower in adolescents than in the younger age groups (P < 0.001).
Dietary intake was also analyzed stratifying by ambulatory ability and age group. Two-way Analysis of variance (ANOVA) showed that the school-age group had higher protein, carbohydrate, and fat intakes compared with adolescents (Table 3) . However, patients who were non-ambulatory consumed higher energy and carbohydrates compared with ambulatory patients. There were no interactions between age group and ambulatory ability ( Table 3) . There were no differences in energy and fiber intake. Likewise, dietary intake was not different among the 3 categories of Vignos scale (Table 4) , but the differences in macronutrients were confirmed among each age group (P < 0.01; Table 4 ). Dietary intake was not associated with physical rehabilitation (P > 0.200).
Nutritional Status Based on BMI and Body
Composition. The percentage of boys with normal nutritional status based on BMI showed a trend toward a decrease with age (Table 5) , whereas boys with malnutrition (the sum of thin, overweight, and obese) showed a trend toward an increase with age (preschool age 15%, school age 40.6%, and adolescents 47.1%; P = 0.072). Adolescents were more likely than other age groups to be overweight, but not obese, when evaluation was based on BMI (Table 5) . They also had the highest percentage of fat mass. Accordingly, 81% of adolescents showed high body-fat content corresponding to overweight or obesity, followed by school-age, and, finally, preschool-age children (Fig. 1) . Lean mass analyzed as percentage of body weight decreased significantly with increasing age (Table 5) . Likewise, the patients grouped in Vignos scale C had higher percentage of fat mass and, consequently, a lower percentage of body lean mass compared with those in Vignos scales A and B (Table 6) . Multivariate linear regression analysis revealed that macronutrient (protein β = 0.0121, P = 0.324; carbohydrate β = 0.0059, P = 0.103; fat β = -0.0061, P = 0.205) and energy intake (see Table S1 in Supplementary Material online) had no significant effect on the percentage of body fat mass after adjusting for confounders such as the degree of functional Categories grouped as Vignos scale A (scored 0−5), B (scored 6−8), and C (scored 9−10). There were no preschool-age patients with Vignos scale C.
dependence of the patient evaluated with Vignos scale, age, non-ambulatory ability, frequency of physical rehabilitation, and nutritional status based on BMI. However, body fat mass was higher in overweight patients and highest in obese patients compared with those of normal nutritional status, showing a positive linear trend between body fat and overnutrition (see Table S1 online). Similar to fat mass, macronutrient (protein β = 0.0047, p = 0.710; carbohydrate β = -0.0030, p = 0.414; fat β = -0.0052; P = 0.306) and energy intake (see Table S2 online) did not determine lean mass. Nonetheless, lean mass was negatively associated with thinness, overweight, and obesity after adjustment for the confounders just mentioned, except for the frequency of physical rehabilitation, which demonstrates that a higher frequency of rehabilitation favored greater lean mass (see Table S2 online).
DISCUSSION
In this study, we observed that body composition in boys with DMD was not related to dietary intake at different ages and that the standard reference BMI cut-offs from the World Health Organization (WHO) [18] [19] [20] are not suitable to establish the nutritional status of patients with DMD. Previous investigations have described BMI using the Centers for Disease Control and Prevention (CDC) cut-offs 5, 8 or body composition through DEXA 24, 25 in school-age or adult patients with DMD with a limited sample size. Although steroids are not used at all neuromuscular centers, they remain the mainstay of DMD therapy. 1 The degree of functional dependence measured with the Vignos scale and non-ambulatory ability were more frequent in adolescents, which was to be expected due to the evolution of the disease with time. 22 In the present study, non-ambulatory status was found to be associated with higher carbohydrate and energy intake, paradoxically to our expectation of being lower than those ambulatory boys, who might have higher energy expenditure. We analyzed this with two-way ANOVA because intake also strongly depends on age group. We examined whether Vignos scale was associated with lower dietary intake (probably due the decline of muscle function), but there was no effect. The analysis also showed an inverse relation between macronutrients intake and age, as younger patients had higher macronutrient intake, which declined with increasing age in these groups.
Energy and macronutrient intake were estimated by 24-hour recall because this method is practical, inexpensive, and relatively quick to use with large groups of patients. In addition, the respondent's burden is low compared with other methods, such as weighed dietary records, and typically this measurement is well-accepted by parents and children. Finally, when recall is performed without previous advice, there is a low risk that food patterns are changed to "please" the measurer. 15 There is a lack of information concerning whether boys with DMD, especially at different ages, have an adequate energy intake according to the DRIs. Our findings demonstrate that preschool-and school-age groups had a high energy intake, while that of adolescents was adequate according to the DRI. 14 Hankard et al. analyzed macronutrient intake in healthy subjects (n = 9), obese DMD patients (n = 8), and non-obese DMD patients (n = 5) aged 8-13 years, and reported that patients in the obese DMD group had a lower energy, carbohydrate, and fat intake compared with healthy subjects. 26 It is wellknown that Mexico has an obesogenic environment and a high prevalence of overweight and obesity: in preschool-age children, combined overweight and obesity was 9.7%, whereas, in school-age children, overweight and obesity prevalence was 19.5% and 17.4%, respectively, and in adolescents it was 19.6% and 14.5%, respectively. 27 In our patients with DMD, only the prevalence of overweight in adolescents was higher than the national average determined by BMI (41% vs. 19.6%). Nonetheless, the average energy intake reported in a nationally representative sample of Mexican children was similar to or slightly higher than that of DMD boys (1,494 kcal/day vs. 1,431 kcal/ day in pre-schoolers, 1,908 kcal/day vs. 1,807 kcal/day in schoolers, and 1,976 kcal/day vs. 1,837 kcal/day in adolescents, respectively). 28, 29 It is important to highlight that the high energy intake at the preschool and school ages, as observed in the current study, could result in obesity.
In addition, all age groups had a higher protein intake (expressed as g/kg/day) than the DRI. These findings are in agreement with the elevated protein intake in adolescents reported by Okada et al., who observed a lower energy intake and a high (1.34-1.40 g/kg/day) protein intake in patients with DMD aged between 11 and 29 years. 30 Boys with DMD in our study also had higher protein intake compared with Mexican children throughout all age groups (233 kcal/day vs. 207 kcal/day in preschool-age children, 292 kcal/day vs. 252 kcal/day in school-age children, and 326 kcal/day vs. 245 kcal/day in adolescents, respectively). 28, 29 In healthy children aged 9-14 years, it has been reported that macronutrients are not significantly related to weight gain. 31 However, this information is controversial, because excessive protein intake was positively associated with a trend toward an increase in overweight and obesity when energy intake was adequate. 32 Furthermore, we should consider some factors that affect the reporting of dietary intake, such as socioeconomic status, food habits, and the ability of the primary caregiver to determine portion size, resulting in intake under-or overestimation. 33 Adequate energy intake was found in adolescents, but 81.2% of them had excessive body fat mass, although there were no obese adolescents detected based on BMI. Furthermore, the school-age group had a higher percentage of thin subjects compared with the preschool-age group, based on BMI, whereas the reverse was observed with DEXA (i.e., fat mass was higher in school-vs. preschool-age children). These conflicting results strongly suggest that common anthropometric measures, such as BMI, are not suitable for dystrophic patients, perhaps because they do not evaluate the progressive intramuscular fat deposition in both the central and peripheral regions that characterizes the disease. 34, 35 Moreover, muscle mass loss can mask fat mass accumulation. BMI is therefore misleading in DMD patients. It has been recommended that the adapted weight-for-age charts of Griffiths and Edwards be used, 36 which take into account the muscle mass loss in DMD. We applied the standard reference BMI classification to evaluate the impact of misclassification on fat mass measured by DEXA as the "gold standard."
In this study we have evaluated BMI according with WHO rather than the CDC growth references, because it is well known that the CDC charts reflect a heavier and somewhat shorter sample of children than the WHO sample, which results in lower rates of undernutrition and higher rates of overweight and obesity when based on WHO standards. 37 Typically, DMD patients have a higher percentage of body fat and a lower percentage of lean mass compared with healthy subjects. 2, 38 Results from our patients are consistent with these reports but with a difference in preschool-age findings. Preschoolers had a lower median level of fat mass compared with the cut-off for overweight non-DMD children from 21 The lean mass was lower in boys with DMD in our study compared with non-DMD school-age children (16.9 kg vs. 24.5 kg), 38, 39 and even compared with other boys with DMD (19.8 kg) . 38 Moreover, the percentage of fat mass showed an increase from school age to adolescence, 40 with a decrease in the percentage of lean mass in the same age groups. 38 These findings are explained by the replacement of skeletal muscle by adipose tissue, generated by inadequate muscle regeneration in patients with DMD.
Limitations of our study were its cross-sectional design, which makes difficult to establish a cause-andeffect relationship when compared with a prospective, longitudinal study, and the lack of concurrent agematched control groups. In addition, dietary intake was not measured with a questionnaire of food frequency, so we were unable to examine food groups or specific foods, such as meat, which may be difficult to chew, or if the intake of food groups changed among age groups. Furthermore, dietary intake measured in boys with DMD in this study may be different from other countries, as dietary intake and body composition vary among geographic regions and population subtypes, and therefore our findings may not be generalizable. However, the identification that younger children have nutritional alterations indicates that this age group needs more attention to avoid health complications later in life.
Our findings suggest that total energy or macronutrients are not significant factors for the development of nutritional disorders in boys with DMD. However, we observed that nutritional alterations may start at the preschool age, and not later as reported elsewhere. 8 Moreover, the severity of nutritional alterations increases with age in boys with DMD. Therefore, it is best to offer individual nutritional treatment, starting from preschool age in patients with DMD. There has been little or no investigation into the optimal dietary patterns for boys with DMD. In the context of obesity and related metabolic alterations, country-specific dietary guidelines should be used to guide dietary intake. Patients and their families should practice healthy eating habits and lifestyles to improve dietary compliance.
1,4 Thus, we recommend diets that have shown positive effects in preventing overweight/obesity, controlling insulin resistance, and avoiding dyslipidemia. Specifically, a diet based on complex carbohydrates with high fiber, such as non-starchy vegetables, legumes, whole-grain breads and cereals, most fruits with peel, and raw nuts, should be adopted along with control of portion size. Oils should be limited to cooking and simple sugars should be restricted by controlling intake of high-calorie foods such as sugar-sweetened beverages and fatty meals. 41, 42 Consistent with our results, there is no evidence suggesting that patients require additional protein intake compared with DRI. 43 Hypertension control is achieved by reducing weight, avoiding coffee and cola beverages, and limiting sodium intake. Eating slowly along with fluid intake allows for better perception of satiety. 44 The loss of ambulation may cause constipation and weight gain; therefore, intake of high-fiber foods, along with sufficient intake of water, may help to reduce constipation and favor satiety. Weight should be monitored to guide the energy prescription with adequate intake of macronutrients as per the DRI, adjusting for activity level, and to prevent excess weight gain or loss. 4 Swallowing dysfunction, constipation, gastroesophageal reflux disease, and delayed gastric emptying are consequences of decreased muscle strength, and, along with increased energy expenditure, result in insufficient intake and undernutrition. Adequate fluid intake and modifications of food options/texture may also be useful. 43, 45 Nutritional guidance should be mandatory before steroid therapy prescription, which can increase appetite and promote weight gain, mainly in adipose tissue, leading to obesity and insulin resistance. 1, 4 In turn, nutritional guidance may improve disease progression and, in the long term, quality of life.
In conclusion, all age groups of boys with DMD had a protein intake per kilogram above the DRI. Preschool-and school-age boys with DMD had high energy intakes, whereas adolescents had an adequate energy intake. Body composition data confirmed that, as age increases, there is an increase in fat mass, but a decrease in lean mass. Nevertheless, dietary intake did not predict body fat and lean mass in boys with DMD, possibly due to the greater impact of the disease itself or of disease-related confounding factors such as immobility.
